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REMHFWLYHVRUTXDQWLILDEOHRXWFRPH>@
0RVW JDPHV FRQWDLQ FHUWDLQ FRPPRQ DVSHFWV 6ROXWLRQV WR WKHVH DVSHFWVPD\ YDU\ V\VWHP WR V\VWHPEXW KDYH
PDQ\ FRPPRQDOLWLHV7KH FRQFHSW RI GHVLJQSDWWHUQV >@ZKLFK VR IDU KDYHSURYHQ VXFFHVVIXO LQ REMHFWRULHQWHG
GHVLJQDQG VRIWZDUHHQJLQHHULQJ VHHNV WRFRPPXQLFDWH WKHVH VROXWLRQV LQDQHDV\ WRXQGHUVWDQGPDQQHU6LPLODU
FRQFHSWVH[LVWLQWKHJDPHVGRPDLQWRRHJJDPHSOD\GHVLJQSDWWHUQV>@JDPHSDWWHUQV>@JDPHGHVLJQSDWWHUQV
>@YLUDODQGFROODERUDWLYHSDWWHUQV>@HWF,QWKLVSDSHUZHDUJXHIRUWKHgamificationSDWWHUQVDQGSURYLGHWKHLU
WH[WXDODQGYLVXDOGHVFULSWLRQ7KHQRYHOW\RIWKHSURSRVHGJDPLILFDWLRQSDWWHUQVLVYLVXDOVSHFLILFDWLRQRISDWWHUQV
XVLQJGRPDLQVSHFLILF0DFKLQDWLRQVPRGHOOLQJODQJXDJHDQGIUDPHZRUN>@
7KH UHPDLQLQJ SDUWV RI WKH SDSHU DUH RUJDQL]HG DV IROORZV 6HFWLRQ  GLVFXVVHV WKH UHODWHG ZRUN 6HFWLRQ 
GHVFULEHVJDPLILFDWLRQSDWWHUQV6HFWLRQSUHVHQWVWKHFDVHVWXG\)LQDOO\VHFWLRQSUHVHQWVFRQFOXVLRQV
5HODWHGZRUN
7KHGHVLJQRIVHULRXVJDPHVLVDFRPSOH[SURFHVV7ZRRSSRVLQJSULQFLSOHVKDYHWREHXQLWHGDFKLHYHPHQWRI
VHULRXV REMHFWLYHV DQG PHDQLQJIXO JDPHSOD\ 7KLV FDQ EH DFKLHYHG XVLQJ GHWDLOHG WHFKQLFDO PRGHOOLQJ DQG
LPSOHPHQWDWLRQ>@+RZHYHU WKHRQO\ZD\WRUHDOO\XQGHUVWDQGJDPLILFDWLRQLV WRLGHQWLI\LWVEDVLFHOHPHQWVDQG
PRGHOVWUXFWXUDOUHODWLRQVKLSVEHWZHHQWKHP$GDPVDQG5ROOLQJVLGHQWLI\IRXUEDVLFHFRQRPLFIXQFWLRQVIRUJDPHV
VRXUFHVGUDLQVFRQYHUWHUVDQGWUDGHUV>@6RXUFHVFUHDWHUHVRXUFHVGUDLQVGHVWUR\UHVRXUFHV&RQYHUWHUVUHSODFH
RQH W\SH RI UHVRXUFH IRU DQRWKHU ZKHUH DV WUDGHUV DOORZ WKH H[FKDQJH RI UHVRXUFHV EHWZHHQ SOD\HUV RU JDPH
HOHPHQWV7KHVHHFRQRPLFIXQFWLRQVVHWXSDQHWZRUNRIHFRQRPLFWUDQVDFWLRQVWKDWGHWHUPLQHWKHIORZRIDJDPH$
JDPH DOVR FDQ EHPRGHOOHG DV D IORZRI UHVRXUFHV DQG DEVWUDFW DVSHFWV RI JDPHV VXFK DV SOD\HU VNLOO OHYHO DQG
VWUDWHJLF SRVLWLRQ FDQ EH PRGHOOHG WKURXJK WKH XVH RI UHVRXUFHV DV ZHOO DV D VWDWH PDFKLQH DQ LQLWLDO VWDWH RU
FRQGLWLRQDQGDFWLRQVRIWKHSOD\HUFDQEULQJDERXWQHZVWDWHVXQWLODQHQGVWDWHLVUHDFKHG>@
*DPLILFDWLRQ FDQ EH VSHFLILHG DQG PRGHOOHG LQ PDQ\ ZD\V HJ ZLWK IRUPDO GHVFULSWLRQ >@ XVLQJ WH[WXDO
GHVFULSWLRQVDQGPRGHOOLQJPHWKRGVHJZLWK80/GLDJUDPV>@3HWUL1HWV>@RURWKHUVWDQGDUGRUFXVWRP
WRROV > @ 0'$ >@ LV D IRUPDO DSSURDFK ZKLFK DWWHPSWV WR EULGJH WKH JDS EHWZHHQ JDPH GHVLJQ DQG
GHYHORSPHQWJDPHFULWLFLVPDQG WHFKQLFDOJDPH UHVHDUFK0HFKDQLFVGHVFULEHV WKHSDUWLFXODUFRPSRQHQWVRI WKH
JDPH DW WKH OHYHO RI GDWD UHSUHVHQWDWLRQ DQG DOJRULWKPV '\QDPLFV GHVFULEHV WKH UXQWLPH EHKDYLRXU RI WKH
PHFKDQLFVDFWLQJRQSOD\HULQSXWVDQGHDFKRWKHU¶VRXWSXWVRYHUWLPH$HVWKHWLFVGHVFULEHVWKHGHVLUDEOHHPRWLRQDO
UHVSRQVHVHYRNHGLQWKHSOD\HUZKHQKHLQWHUDFWVZLWKWKHJDPHV\VWHP
'HILQLQJDQGIRUPDOL]LQJVWUXFWXUDOVROXWLRQVWRFRPPRQO\UHFXUULQJSUREOHPVLVDPDLQLGHDEHKLQGSDWWHUQV$
SDWWHUQ XVXDOO\ FRQVLVWV RI D QDPH GHILQLWLRQ JHQHUDO GHVFULSWLRQ GHVFULSWLRQ RQ KRZ WKH SDWWHUQ FDQ EH XVHG
GHVFULSWLRQRIFRQVHTXHQFHVRIXVLQJWKHSDWWHUQDQGUHODWLRQVWRRWKHUSDWWHUQV>@.UHLPHLHU>@SURSRVHGXVLQJ
JDPHGHVLJQSDWWHUQVDVDZD\ WR IRUPDOL]HDQGFRGLI\NQRZOHGJHDERXWJDPHGHVLJQ%MRUNDQG+RORSDLQHQ >@
SURSRVHJDPHSOD\GHVLJQSDWWHUQVDVVHPLIRUPDOLQWHUGHSHQGHQWGHVFULSWLRQVRIFRPPRQO\UHRFFXUULQJSDUWVRIWKH
GHVLJQRIDJDPH WKDWFRQFHUQVJDPHSOD\*DPHSDWWHUQVHQFDSVXODWHFRPPRQGHVLJQSUREOHPVDQGVROXWLRQV IRU
WKRVH DQG JDPH GHVLJQHUV W\SLFDOO\ FRPELQH VHYHUDO SDWWHUQV IRU JRRG JDPHSOD\ >@ ,Q WKLV SDSHUZH LQWURGXFH
JDPLILFDWLRQ SDWWHUQV DV VHPLIRUPDO GHVFULSWLRQ RI JDPH UXOHV IRU JDPLILFDWLRQ RI EXVLQHVV LQIRUPDWLRQ V\VWHPV
EDVHGRQWKHDQDO\VLVRIFRPPRQDOLWLHVLQH[LVWLQJJDPLILHGDSSOLFDWLRQV
*DPLILFDWLRQSDWWHUQV
3.1. Methodology 
)RUDQDO\VLV DQG LGHQWLILFDWLRQRIJDPLILFDWLRQSDWWHUQVZHKDYH VHOHFWHG VHYHQGLIIHUHQWJDPLILHGDSSOLFDWLRQV
(PRELQ >@0HHFR >@7HDPIHHG>@&$37&+,12>@7DVNYLOOH >@3RZHU+RXVH >@7URJRQ >@
$OO DQDO\VHG DSSOLFDWLRQVKDYH FRPPRQDWWULEXWHV XVHUFHQWULF WKDWPHDQVZKDW DOO RI WKHPKDYH WKH FRQFHSWRI
SOD\HULQWKHPXVHULQWHUDFWLRQZLWKWKHV\VWHPZKLFKWULJJHUVWKHEDVLFJDPHSOD\JDPHUXOHVLQRQHRURWKHUIRUP
JDPHRULHQWHGLQWHUIDFHHOHPHQWVVXFKDVEDGJHVDQGOHDGHUERDUGV)RUHDFKDSSOLFDWLRQZHKDYHFUHDWHGWZRW\SHV
RI PRGHOV XVLQJ WKH 0DFKLQDWLRQV JDPH PRGHOOLQJ IUDPHZRUN >@ DV IROORZV  6LPSOH PRGHO ± D KLJKHVW
DEVWUDFWLRQOHYHORIWKHV\VWHP7KLVYLHZVKRZVWKHFRUHV\VWHPFRQFHSWV$GYDQFHGPRGHOLVPDGHXSRIWZR
SDUWV D VWDWLFPRGHOZKLFKPRGHOV DVPDQ\ GHWDLOV DV SRVVLEOH RI WKH V\VWHP DQG E G\QDPLFPRGHOZKLFK LV
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PRGHOOLQJ LQWHUDFWLRQEHWZHHQSOD\HUV%DVHGRQ WKH UHVXOW RIPRGHO FRPSDULVRQDQGDQDO\VLVZHKDYH LGHQWLILHG
FRPPRQSDWWHUQVRIJDPLILHGV\VWHPV
3.2. Pattern description scheme 
7KHIROORZLQJSDWWHUQGHVFULSWLRQVFKHPHDGRSWHGIURP80/SDWWHUQGHVFULSWLRQ>@LVXVHG
x ,QWHQW$VKRUWVWDWHPHQWWKDWGHVFULEHVZKDWWKHSDWWHUQGRHVDQGZKDWSUREOHPLWDGGUHVVHV
x 0RWLYDWLRQ$PRUHGHWDLOHGGLVFXVVLRQRIWKHSDWWHUQDQGKRZLWZRUNV
x $SSOLFDELOLW\:KDWDUHWKHVLWXDWLRQVWKHSDWWHUQFDQEHDSSOLHG"
x 6WUXFWXUH$JUDSKLFDOUHSUHVHQWDWLRQRIWKHSDWWHUQXVLQJYLVXDOPRGHOOLQJODQJXDJH
x 3DUWLFLSDQWV7KHHOHPHQWVPHFKDQLFVDQGFRPSRXQGVWUXFWXUHVWKDWDUHLGHQWLILDEOHSDUWVRIWKHSDWWHUQ
x &ROODERUDWLRQV+RZSDUWLFLSDQWVFROODERUDWH
x &RQVHTXHQFHV7KHUHVXOWVRIXVLQJWKHSDWWHUQLQFOXGLQJWUDGHRIIVDQGSRVVLEOHULVNV
x ,PSOHPHQWDWLRQ$PRUHGHWDLOHGGLVFXVVLRQRIGLIIHUHQWWHFKQLTXHVWRLPSOHPHQWWKHSDWWHUQ
x ([DPSOHV$WOHDVWWZRH[LVWLQJH[DPSOHVRIWKHSDWWHUQLQJDPHV3UHIHUDEO\WKHH[DPSOHVRIDOOSDWWHUQVGUDZ
IURPDODUJHYDULHW\RIGLIIHUHQWJDPHV
x 5HODWHG3DWWHUQV:KDWSDWWHUQVDUHUHODWHGWRWKLVSDWWHUQ"2SSRUWXQLWLHVIRUSDWWHUQFRPELQDWLRQ
x 'LVFXVVLRQ$Q\GLVFXVVLRQDERXWWKHSDWWHUQLWVHOILWVYLDELOLW\VXJJHVWLRQVDOWHUQDWLYHFRQVWUXFWLRQVHWF
3.3. Introduction into Machinations 
7RUHSUHVHQWSDWWHUQVJUDSKLFDOO\ZHXVH0DFKLQDWLRQVDYLVXDOPRGHOLQJIUDPHZRUNIRUJDPHPHFKDQLFV>@WKDW
IDFLOLWDWHVWKHGHVLJQVLPXODWLRQDQGWHVWLQJRIWKHLQWHUQDOHFRQRP\RIDJDPHDWYDULRXVOHYHOVRIDEVWUDFWLRQ$W
WKH KHDUW RI WKH IUDPHZRUN LV D JUDSKLFDO QRWDWLRQ GHVLJQHG WR FDSWXUH WKH G\QDPLFV RI JDPHV 0DFKLQDWLRQV
GLDJUDPVDUHDFODVVRI3HWUL1HWVZUDSSHGLQDIRUPDOLVPWKDWPDNHVWKHPPRUHSDODWDEOHWRJDPHGHVLJQHUV7KH
ORJLF EHKLQG0DFKLQDWLRQV LVZKDW JDPHSOD\ LV XOWLPDWHO\ GHWHUPLQHG E\ WKH IORZ RI UHVRXUFHV 5HVRXUFH IORZV
DOORZ WR YLVXDOL]H KRZ WKH V\VWHP LV FRQVWUXFWHG DQGZKDW IHHGEDFN VWUXFWXUHV H[LVW LQ WKH JDPH VWUXFWXUH 7KH
0DFKLQDWLRQVGLDJUDPKDVIRXUSDUWVQRGHVFRQQHFWLRQVRWKHUHOHPHQWVDQGRWKHUFRQFHSWV7KHUHDUHDQXPEHURI
GLIIHUHQW W\SHVRIQRGHVSourcesSURYLGH WKH IORZRI UHVRXUFHVDrains UHPRYHUHVRXUFHVIURPWKHV\VWHPPools
DOORZWRVWRUHUHVRXUFHVDQGConverters GHVWUR\UHVRXUFHVWRFUHDWHQHZUHVRXUFHVTraderDOORZVWKHH[FKDQJHRI
UHVRXUFHVEHWZHHQSOD\HUVRUJDPHHOHPHQWVGates FRQWURO UDQGRPO\RUGHWHUPLQLVWLFDOO\ UHVRXUFHIORZDelays
GHOD\WKHUHVRXUFHIORZResource connectionsGHWHUPLQHKRZWKHUHVRXUFHIORZVEHWZHHQQRGHVState connections
GHWHUPLQHKRZQRGHVWDWHFKDQJHVDIIHFWRWKHUHOHPHQWVLabel types DUHDSDUWRI VWDWHDQG UHVRXUFHFRQQHFWLRQV
SDVVLQJVSHFLILFFRQWUROLQIRUPDWLRQ
3.4. Gamification patterns 
(YHU\ JDPLILHG V\VWHPPRGHO VKRXOG KDYH D VRXUFH WR GULYH WKH ZKROH V\VWHP:H GLVFRYHUHG VHYHUDO PDLQ
VRXUFHSDWWHUQVIRUPRGHOOLQJJDPLILHGV\VWHPVDVIROORZV

)LJD,QILQLWHTXDQWLW\VRXUFHDQGEOLPLWHGTXDQWLW\VRXUFH
,QILQLWHTXDQWLW\VRXUFHVHH)LJD	7DEOH±LWWKLVFDVHZHFKRRVHWREHOLHYHZKDWPD[LPXPQXPEHURI
SRLQWVLVQHYHUUHDFKDEOHIRUH[DPSOHWKHQXPEHURIXVHUDFWLRQVLVLPSRVVLEOHWRGHWHUPLQH
/LPLWHGTXDQWLW\VRXUFHVHH)LJE	7DEOH±WKLVLPSRVHVDV\VWHPFRQVWUDLQWKDWWKHPD[LPXPQXPEHU
RISRLQWVUHFHLYHGLV OLPLWHGDWHYHU\PRPHQWRIWKHJDPHSOD\,WFDQEHSK\VLFDORUYLUWXDO OLPLW)RUH[DPSOHLQ
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
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(PRELQWKHUHDUHDOLPLWHGQXPEHURIERWWOHVZKLFKLVOLPLWHGE\ORFDOYHQGLQJPDFKLQH

7DEOH'HVFULSWLRQRIOLPLWHGTXDQWLW\VRXUFHDQGLQILQLWHTXDQWLW\VRXUFHSDWWHUQV
3URSHUW\ /LPLWHGTXDQWLW\VRXUFH ,QILQLWHTXDQWLW\VRXUFH
,QWHQW (QIRUFHDOLPLWRQDUHVRXUFH 0RGHOVXQOLPLWHGUHVRXUFHHFRQRP\
0RWLYDWLRQ 7KLVDOORZVXVWRPRGHOOLPLWHGHFRQRPLHV 6RPHWLPHV UHVRXUFHV FDQ EH YLHZHG DV XQOLPLWHG
7KLVDOORZVXVWRPRGHOXQOLPLWHGHFRQRPLHV
$SSOLFDELOLW\ 0RGHOOLQJDQHFRQRP\ZLWKOLPLWHGQXPEHURIUHVRXUFHV 0RGHOOLQJ HFRQRP\ RU SDUW RI HFRQRP\ ZLWK QR
HFRQRPLFUHVWULFWLRQ
6WUXFWXUH 8VHVDSRROZLWKDXWRPDWLFSXVK 6RXUFHQRGH
3DUWLFLSDQWV 3RROQRGH 6RXUFHQRGH
&RQVHTXHQFHV /LPLWVHFRQRPLFJURZWK $OORZVXQOLPLWHGJURZWK
([DPSOHV 7URJRQ7DVN9LOOH(PRELQ 7HDPIHHG0HHFR
5HODWHG3DWWHUQV $OO $OO

1H[WWRWKHVHWZRTXDOLWLHVZHFDQDGGDGGLWLRQDOOLPLWDWLRQRUPRUHUHDOLVWLFFRQGLWLRQV


)LJD7LPHOLPLWDQGEG\QDPLFOLPLWSDWWHUQV
7LPHOLPLWVHH)LJD	7DEOH±DGGVDWLPHOLPLWWRWKHV\VWHP6XFKOLPLWLPSRVHGRYHULQILQLWHTXDQWLW\
VRXUFHZLOOPDNHLWERXQGHGE\DWLPHOLPLW
'\QDPLFOLPLWVHH)LJE	7DEOH±LWLVDOLPLWZKLFKLVLPSRVHGE\PRGHOLPSOLFDWLRQ)RUH[DPSOHZH
KDYHDSURMHFWPDQDJHULQDVRIWZDUHFRPSDQ\FKHFNLQJDOOWLFNHWVEHIRUHGHYHORSPHQWDQGWKHUHLVDFKDQFHZKDWD
WLFNHWPLJKWQRWEHDGGHGLQWRSRRORIWLFNHWV
7DEOH'HVFULSWLRQRIWLPHOLPLWDQGG\QDPLFOLPLWSDWWHUQV
3URSHUW\ 7LPHOLPLW '\QDPLFOLPLW
,QWHQW 6WRSWKHJDPHDIWHUVRPHWLPHKDVSDVVHG &RQWUROVRXUFHJURZWK
0RWLYDWLRQ 8VLQJVXFKSDWWHUQDOORZVWROLPLWJDPHLQWLPH 6XFKSDWWHUQDOORZVWRDGGG\QDPLFTXDOLWLHVWRUHVRXUFHV
$SSOLFDELOLW\ 7RLPSRVHDWLPHUHVWULFWLRQRUURXQGVIRUH[DPSOHLQ
7URJRQWKHUHLVDOLPLWIRUHDFKURXQG
1RUPDOO\WKHJURZWKRIUHVRXUFHVLVQRWOLQHDUDQGGHSHQGVRQ
GLIIHUHQWSURSHUWLHV
6WUXFWXUH $ SXVKLQJ SRRO RI OLPLWHG TXDQWLW\ FRQQHFWHG WR D
GUDLQ DQG HQG FRQGLWLRQ QRGH (QG FRQGLWLRQ LV
FRQQHFWHGZLWKSRROZLWKODEHO³´
$FRPSRVLWLRQRI D UDQGRPJDWHZLWKGUDLQDQG VRXUFHQRGH
FRQQHFWHGZLWKDSRROIURPOLPLWHGVRXUFH
3DUWLFLSDQWV 3RROHQGFRQGLWLRQGUDLQ 3RROJDWHGUDLQDQGVRXUFH
&ROODERUDWLRQV 3RRODFWVDVDFRXQWHUDQGLVFRQQHFWHG WRDGUDLQIRU
GHFUHDVLQJ WKH FRXQWHU YDOXH:KHQ FRXQWHU YDOXH LV
HTXDOWR]HURWKHHQGFRQGLWLRQLVWULJJHUHG
3RRO FRQQHFWV ZLWK D JDWH 7KHQ IROORZV D PXOWLSOH
FRQQHFWLRQVWRGUDLQVRUSRROVZKLFKFUHDWHVWKHGHVLUHGORJLF
PRGHO
&RQVHTXHQFHV &KDQJHVWKHHFRQRP\E\VHWWLQJXSOLPLWDWLRQVWRUHVRXUFHV
([DPSOHV 7URJRQ(PRELQ 7URJRQ7DVN9LOOH
5HODWHG3DWWHUQV /LPLWHGTXDQWLW\SURSHUW\DQGFKDQFHSDWWHUQ 

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
)LJD5DQGRPUHVXOWSDWWHUQDQGEGUDLQSDWWHUQ
5DQGRPUHVXOWVHH)LJD	7DEOH±DFRQQHFWLRQZLWKGLFHODEHOLVXVHG7KLVW\SHRISDWWHUQPRGHOVDQ
DEVWUDFWFRQQHFWLRQ)RUH[DPSOH³$QH[HFXWHGDFWLRQLVZRUWK;SRLQWV´7KLVDOORZVWRFKDQJHSDUWRIJDPLILHG
V\VWHPPRGHOZLWKKLJKOHYHODEVWUDFWLRQ
'UDLQ SDWWHUQ VHH)LJE	7DEOH±DOORZVGHFUHDVHRI VFRUHRUFRXQWHUXQGHUFHUWDLQFRQGLWLRQV'UDLQ
SDWWHUQLVXVHIXOWRPRGHOSHQDOW\UXOHVLQWKHJDPLILFDWLRQV\VWHPV
7DEOH'HVFULSWLRQRIUDQGRPUHVXOWSDWWHUQDQGGUDLQSDWWHUQ
3URSHUW\ 5DQGRPUHVXOW 'UDLQSDWWHUQ
,QWHQW $JJUHJDWHORJLF ,QYHUWORJLF
0RWLYDWLRQ 6RPHWLPHV UXOHV DUH WRR FRPSOH[ WR PRGHO VR LW¶V
HDVLHUWRDJJUHJDWHWKHZKROHORJLFLQWRDVLQJOHSDWK
(FRQRP\JURZV DQG IDOOV RYHU WLPH7KLV LV D SDWWHUQ WR
VLPXODWHHFRQRPLFIDOOV
$SSOLFDELOLW\ $Q\ FDVH ZKHQ D UXOH FDQ EH UHSODFHG E\ UDQGRP
QXPEHU
&RQYHUWRUPRGHOQHJDWLYHDVSHFWVRIDJDPH
6WUXFWXUH 7ZRQRGHVFRQQHFWHGZLWKUDQGRPFRQQHFWLRQV 0DQXDOGUDLQJDWHDQGSRRO
3DUWLFLSDQWV &RQQHFWLRQDQGDQ\WZRQRGHV 'UDLQJDWHDQGSRRO
&ROODERUDWLRQV &RQQHFWLRQSDVVHVUDQGRPDPRXQWRISRLQWV :KHQWKHJDWHWULJJHUVWKHGUDLQWKHSRROORVHVHOHPHQWV
&RQVHTXHQFHV $JJUHJDWHVWKHORJLFLQWRRQHDEVWUDFWLRQ $OORZVWRGHVWUR\UHVRXUFHV
([DPSOHV $OOFDVHV (PRELQ&DSWFKLQR
5HODWHG3DWWHUQV  6ROYHUSDWWHUQ
)LJD&RQVWUDLQSDWWHUQDQGEH[WHQVLRQSDWWHUQ
&RQVWUDLQ SDWWHUQ VHH )LJ D 	 7DEOH  DOORZV WR EORFN FHUWDLQ SDWKV LQ WKH PRGHO EDVHG RQ FHUWDLQ
FRQGLWLRQV
([WHQVLRQ SDWWHUQ VHH )LJ E 	 7DEOH  LV D SDWWHUQ RI DGGLQJ DQ DGGLWLRQDO UDQGRP SDWK XQGHU FHUWDLQ
FRQGLWLRQV7KLVDOORZVWRH[WHQGQRUPDOEHKDYLRXUZLWKDGGLWLRQDOUDQGRPERQXVHV
7DEOH'HVFULSWLRQRIFRQVWUDLQSDWWHUQDQGH[WHQVLRQSDWWHUQ
3URSHUW\ &RQVWUDLQSDWWHUQ ([WHQVLRQSDWWHUQ
,QWHQW &RQWUROIORZRQFHUWDLQFRQGLWLRQV ,QWURGXFHFRQFXUUHQWSDWKV
0RWLYDWLRQ %DVHG RQ V\VWHP VWDWH LV XVHIXO WR OLPLW RU RSHQ D
SDWKDFFRUGLQJWRVWDWH
6RPHWLPHV ZH QHHG WR FUHDWH DQ H[WHQVLRQ WR GHIDXOW
EHKDYLRXU
$SSOLFDELOLW\ $Q\ V\VWHP ZKLFK FRQWDLQV PXOWLSOH SDWKV XQGHU
FHUWDLQFRQGLWLRQV
$Q\FDVHZKHQGHIDXOWSDWK LVH[WHQGHGZLWKDFRQFXUUHQW
SDWK
6WUXFWXUH 0DQXDOVRXUFHDQGSRROFRQQHFWHGZLWKQRUPDODQG
VWDWHFRQQHFWLRQ
1RGHKDYLQJDWOHDVWWZRSDWKVDQGHQGLQJZLWKRQHQRGH
D E
D E
88   Darius Ašeriškis and Robertas Damaševičius /  Procedia Computer Science  39 ( 2014 )  83 – 90 
3DUWLFLSDQWV 0DQXDOVRXUFHSRRO 6RXUFHJDWHFRQYHUWHUDQGSRRO
&ROODERUDWLRQV 7KHSDWKLVWXUQHGRIIWKHQFRXQWHUUHDFKHVLWVWDUJHW 2QFH D VRXUFH LV WULJJHUHG PXOWLSOH SDWKV DFWLYDWH
VLPXOWDQHRXVO\
&RQVHTXHQFHV 3DWKVFDQEHRSHQRUFORVHG ([WHQGDSDWKZLWKDGGLWLRQDOFRQFXUUHQWSDWK
([DPSOHV &DSWFKLQR7URJRQ0HHFR 7URJRQ&DSWFKLQR
5HODWHG3DWWHUQV  3URSHUW\DQGFKDQFHSDWWHUQ
)LJD3URSHUW\DQGFKDQFHSDWWHUQDQGEVROYHUSDWWHUQ
3URSHUW\DQGFKDQFHSDWWHUQ VHH)LJD	7DEOH LVDSDWWHUQIRUFUHDWLQJPXOWLSOHSDWKVRUPRGHOOLQJD
FHUWDLQXVHUSURSHUW\)RUH[DPSOHZHQHHGWRPRGHOPXOWLSOHDFWLRQVLQDVLQJOHPRGHOOLNH³%X\´DQG³$WWDFN´,Q
WKLV FDVH ZH OHYHUDJH WKH HFRQRPLF DQG DJJUHVVLYH XVHU SURSHUWLHV WKH KLJKHU ³$WWDFN´ SHUFHQWDJH WKH PRUH
DJJUHVVLYHWKHXVHU¶VVWUDWHJ\LVDQGYLFHYHUVD
6ROYHUSDWWHUQVHH)LJE	7DEOHDOORZVWRPRGHOXVHUVROYLQJDSUREOHP6ROYHUSDWWHUQDOORZVWRFUHDWHD
GHOD\LQWKHV\VWHP
7DEOH'HVFULSWLRQRISURSHUW\DQGFKDQFHSDWWHUQDQGVROYHUSDWWHUQ
3URSHUW\ 3URSHUW\DQGFKDQFHSDWWHUQ 6ROYHUSDWWHUQ
,QWHQW 0RGHODSURSHUW\RUUDQGRPFKDQFH 0RGHOVSUREOHPVROYLQJ
0RWLYDWLRQ 7RPRGHOVLPSOHXVHURUHQWLW\EHKDYLRXU ,QUHDOZRUOGDFWLRQVGRQRWRFFXULQVWDQWO\1RUPDOO\LWWDNHVWLPH
IRUWKHSUREOHPWREHVROYHG
$SSOLFDELOLW\ $Q\ SODFH ZH ZDQW WR PRGHO D FKDQFH RI
RFFXUULQJDFWLRQRUXVHUEHKDYLRXU
:KHQZHZDQWWRUDQGRPL]HWKHWLPHLWWDNHVWRDFFRPSOLVKDWDVN
6WUXFWXUH 5DQGRPJDWHDQGPXOWLSOHPDQXDOVRXUFHV 7KLVFRPELQHVWKHSDWWHUQRIGUDLQDQGFKDQFHSDWWHUQ
3DUWLFLSDQWV 5DQGRPJDWHDQGPDQXDOVRXUFHV 5DQGRPJDWHVRXUFHVJDWHDQGGUDLQ
&ROODERUDWLRQV *DWHWULJJHUVDVRXUFHUDQGRPO\ 7KLV SDWWHUQ FRPELQHV SURSHUW\ FKDQFH SDWWHUQ ZLWK D VRXUFH
ZKLFK PRGHOV D SUREOHP VROYLQJ VNLOO 7KH VRXUFH LV DOVR
FRQQHFWHGZLWKDGUDLQSDWWHUQWRPRGHOQHJDWLYHFRQVHTXHQFHVRI
LQFRUUHFWVROXWLRQVWKLVLVRSWLRQDOIRUWKLVSDWWHUQ
&RQVHTXHQFHV 2QHRIPXOWLSOHSDWKVLVFKRVHQ 5DQGRPWLPHLVVSHQWWRVROYHDSUREOHP
([DPSOHV $OO &DSWFKLQR7DVN9LOOH7URJRQ
5HODWHG3DWWHUQV 6ROYHUSDWWHUQ 'UDLQSDWWHUQSURSHUW\DQGFKDQFHSDWWHUQ
&DVHVWXG\
7URJRQ3URMHFW0DQDJHPHQW6\VWHP306>@LVDQH[DPSOHRIHQWHUSULVH,QIRUPDWLRQ6\VWHP7KHJDPLILHG
306KDVD OHDGHUERDUGEDGJHERDUGDQGSURMHFW IRUHVW DVPDLQHOHPHQWVRIJDPLILFDWLRQ(YHU\HOHPHQWKDV LWV
SXUSRVH  7KH OHDGHUERDUG FUHDWHV FRPSHWLWLRQ EHWZHHQ LQGLYLGXDO HPSOR\HHV DQG DOORZV WR GHWHUPLQH D JDPH
ZLQQHU ZKLFK VKRXOG EH DGGLWLRQDOO\ DZDUGHG  7KH EDGJH ERDUG VHH )LJ  DOORZV REVHUYLQJ WKH VNLOOV RI
HPSOR\HHV ,Q WKH EDGJH ERDUG WKH HPSOR\HHV DUH RUGHUHG E\ WKH WRWDO QXPEHU RI EDGJHV FROOHFWHG (DFK EDGJH
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UHSUHVHQWVDVNLOODQGKDVLWVRZQOHYHO3URJUHVVEHWZHHQOHYHOVLVGLVSOD\HGDVDSURJUHVVEDU7KHSURMHFWIRUHVW
VHH)LJSURYLGHVWKHHOHPHQWRIVFDODELOLW\WRUHSUHVHQWWKHVL]HRIGLIIHUHQWSURMHFWV




)LJ7URJRQHOHPHQWVRQWKHOHIWJDPHEDGJHVDQGEDGJHOHYHOVRQWKHULJKW³SURMHFWIRUHVW´SDJH
7KHJDPLILFDWLRQPRGHO)LJVLPXODWHVD7URJRQJDPHUXOH³)RUHYHU\WDVNVROYHGXVHUJHWV;SRLQWV,ID
EDGJH LV HDUQHG IRU WKH VROYHG WDVNZKHQ XVHU JHWV D ERQXV RI< SRLQWV8VHU JHWV D < ERQXV IRU HDFK WDVN LI
UHFHLYHGPRUHWKDQIRXUEDGJHV´7RVLPSOLI\UHDOOLYHFRPSXWDWLRQVIRUILQLVKLQJDWDVNVXVHUUHFHLYHVILYHSRLQWV$
ERQXVDGGVDVLQJOHDGGLWLRQDOSRLQW

)LJ7URJRQ306UXOHPRGHO
7KLVPRGHOKDV WZRSDWWHUQXVDJHV&RQVWUDLQSDWWHUQ UHGDOORZV WRFRQWURO IORZGHSHQGLQJRQKRZPDQ\
EDGJHVDUHUHFHLYHG([WHQVLRQSDWWHUQJUHHQSURYLGHVWKHQHFHVVDU\SDWKVIRUWRPRGHOHDUQLQJ(YHU\WLPHD
EDGJHLVUHFHLYHGDVRXUFHLV WULJJHUHGDQGXVHUSRLQWVLQFUHDVHILYHSRLQWV,QSDUDOOHO WKHFRXQWHULV LQFUHDVHGE\
RQH)RUWKHUHFHLYHGEDGJHDERQXVSRLQWLVUHZDUGHG$V\RXFDQVHHWKHUHDUHWKUHHVRXUFHVFRQQHFWHGWRFRXQWHU
7KHILUVWFRXQWHUWRVRXUFHFRQQHFWLRQKDVODEHO³´ZKLFKPHDQVZKLOHXVHUKDVEHOORZILYHEDGJHVKHJHWVRQO\
VLQJOHSRLQW$IWHUILYHEDGJHVDUHUHFHLYHGDQHZ³  ´SDWKRSHQVDQGWKHXVHUJHWVDUHZDUGRISRLQWV$OVRWKH
SUHYLRXVSDWK³´ LV FORVHG:KHQ WKHQH[WEDGJH LV UHFHLYHGSDWK³!´RSHQVZKLFKDZDUGV WKHXVHUZLWK WZR
SRLQWV $OO RWKHU SDWKV DUH FORVHG 7KLV ZRUNIORZ PRGHOV WKH EHKDYLRXU RI WKH UXOHV GHVFULEHG LQ WKH SUHYLRXV
SDUDJUDSK
&RQFOXVLRQV
,QWKLVSDSHUZHKDYHDQDO\]HGVHYHQJDPLILHGV\VWHPVDQGKDYHLGHQWLILHGJDPLILFDWLRQSDWWHUQVFRPPRQWRWZR
RUPRUHJDPLILHGDSSOLFDWLRQV(DFKSDWWHUQKDVLWVRZQPRWLYDWLRQVWUXFWXUHDSSOLFDELOLW\DQGFRQVHTXHQFHV7KH
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SDWWHUQV DUHPRGHOOHG XVLQJ WKH0DFKLQDWLRQV IUDPHZRUN > @ 7KLVPRGHOOLQJ WRRO DOORZV UDSLG SURWRW\SLQJ
LGHDVDQGWHVWLQJWKHPEHIRUHLPSOHPHQWDWLRQ
7KH DGYDQWDJH RI XVLQJ JDPLILFDWLRQ SDWWHUQV LV KDYLQJ DQ DEVWUDFW IRUPDO PRGHO WR XQLI\ PXOWLSOH IRUPDO
GHILQLWLRQVZULWWHQ IRU GLIIHUHQW JDPLILFDWLRQ DSSOLFDWLRQV 7KH DEVWUDFWPRGHO LV FRQVWUXFWHG IURP XVHUV DFWLRQV
UXOHV GDWD DQG LQWHUIDFHV ZKLFK DUH FRPPRQ WR DQDO\VHG V\VWHPV 7KLV PRGHO FRQQHFWHG ZLWK D JUDSKEDVHG
PRGHOOLQJ ODQJXDJH DOORZV VLPSOH \HW SRZHUIXOO YLVXDOL]DWLRQ :H DOVR KDYH GHPRQVWUDWHG D FDVH VWXG\ RI D
JDPLILFDWLRQSDWWHUQFRPELQDWLRQLQ0DFKLQDWLRQVWRROXVHGLQSUDFWLFHLQDJDPLILHGSURMHFWPDQDJHPHQWV\VWHP
)XWXUHZRUNZLOOFRQVLVWRIXVLQJDEVWUDFWPRGHOWREXLOGDPRGHOOLQJWRRODOORZLQJUHDOZRUOGJHQHUDWLRQRIJDPH
OD\HUVIRUJDPLILHGV\VWHPV
5HIHUHQFHV
 'HWHUGLQJ6'L[RQ'.KDOHG51DFNH/)URP*DPH'HVLJQ(OHPHQWVWR*DPHIXOQHVV'HILQLQJµ*DPLILFDWLRQ¶0LQG7UHN
±
 +XRWDUL.+DPDUL-'HILQLQJ*DPLILFDWLRQ$6HUYLFH0DUNHWLQJ3HUVSHFWLYH3URFRIWKHWK,QWHUQDWLRQDO$FDGHPLF0LQGWUHN
&RQIHUHQFH7DPSHUH)LQODQG2FWREHU
 0F*RQLJDO-5HDOLW\LV%URNHQ:K\*DPHV0DNH8V%HWWHUDQG+RZ7KH\&DQ&KDQJHWKH:RUOG7KH3HQJXLQ3UHVV
 +DPDUL-7UDQVIRUPLQJKRPRHFRQRPLFXVLQWRKRPROXGHQV$ILHOGH[SHULPHQWRQJDPLILFDWLRQLQDXWLOLWDULDQSHHUWRSHHUWUDGLQJ
VHUYLFH(OHFWURQLF&RPPHUFH5HVHDUFKDQG$SSOLFDWLRQV
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GHVLJQLQJIRUPRWLYDWLRQ,QWHUDFWLRQV
 *DPPD(+HOP5-RKQVRQ59OLVVLGHV-'HVLJQSDWWHUQVHOHPHQWVRIUHXVDEOHREMHFWRULHQWHGVRIWZDUH3HDUVRQ(GXFDWLRQ
 %M|UN6+RORSDLQHQ-3DWWHUQVLQ*DPH'HVLJQ&KDUOHV5LYHU0HGLD
 .HOOH6.OHPNH56SHFKW0'HVLJQSDWWHUQVIRUOHDUQLQJJDPHV,QWHUQDWLRQDO-RXUQDORI7HFKQRORJ\(QKDQFHG/HDUQLQJ

 .LLOL.&DOOIRUOHDUQLQJJDPHGHVLJQSDWWHUQV$FKDSWHULQWKHERRN(GXFDWLRQDO*DPHV'HVLJQ/HDUQLQJDQG$SSOLFDWLRQV1RYD
3XEOLVKHUV
 :HQGHXV -&'HVLJQLQJD9LUDO&ROODERUDWLYH7RRO3DWWHUQVDQG*XLGHOLQHV IRU9LUDOLW\'ULYHQ'HVLJQ06F7KHVLV*RWKHQEXUJ
6ZHGHQ
 $GDPV('RUPDQV-*DPH0HFKDQLFV$GYDQFHG*DPH'HVLJQ1HZ5LGHUV*DPHV
 $GDPV(5ROOLQJV$)XQGDPHQWDOVRI*DPH'HVLJQ8SSHU6DGGOH5LYHU3HDUVRQ(GXFDWLRQ,QF
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